The research studied a sample of 455 Polish Holstein-Friesian Black and White cows. Its aim was to apply and compare two modern statistical methods, i.e. classification trees and a logistic regression in examination of the impact of selected lactation-related factors (successive lactation, herd size and production level, year of calving, calving season, test day season, lactation phases and the amount of milk obtained in a test milking) on the somatic cell counts. Two different division criteria were taken into account in the creation of classification trees, i.e. entropy reduction and Gini coefficient. The quality of classification trees and multiple regression models was compared taking into consideration the following criteria: an average squared error, cumulative lift, Kolmogorov-Smirnov statistics and the area under the ROC curve. Having conducted the research, it may be concluded that from among the statistical methods applied, the best modelling of the level of somatic cell counts was obtained using the classification tree technique when the division criterion was based on the entropy function. According to the results of the study, somatic cell counts were diversified by the following factors, in a decreasing order of importance: herd production level, year of calving, subsequent lactation, calving season, day of test milking, herd size and the month used to take milk samples. Using somatic cell count as an udder health benchmark, it may be concluded that cows requiring particular attention as a result of udder diagnosis are from those in herds with high milk production levels, with individual cows producing up to 15 kg of milk.
Introduction
The reasons underlying variation in somatic cell counts (SCC) in cows' milk are widely discussed in the literature and a plenty of research have been conducted to indicate factors affecting SCC level (Baltay 2002 , Koç & Kizilkaya 2009 , Król et al. 2010 . The most significant changes in SCC level are considered to originate from the presence or absence of bacterial infection inside the udder (Burston & Erskine 2003) and other factors that have a role to play are as follows: influence of a cowshed, cattle's age, stage and season of lactation, metabolic causes, physiological »stress« and daily variation (Olsen et al. 1999 , Kuczaj 2001 , Baltay 2002 , Green et al. 2006 , Sitkowska 2008 , Hagnestam-Nielsen et al. 2009 , Koç & Kizilkaya 2009 , Król et al. 2010 .
In dairy cattle farming, a high level of somatic cells is associated with cows' susceptibility to mastitis (Bradley 2002 , Burston & Erskine 2003 , Forsbäck 2010 . This inflicts losses resulting from an early cows' culling (Samoré et al. 2003) , lowered profitability of milk production and deteriorated quality for processing (Halasa et al. 2007 , Forsbäck 2010 . Mastitis is one of the most frequent and costly diseases in the dairy industry (Halasa et al. 2007 , Huijps et al. 2008 . The susceptibility of cows to mastitis is one of the more important functional problems of dairy cattle farming and one that affects the profit to be made from milk production. Mastitis causes the greatest losses in dairy farming, arising from the increase in somatic cells in milk, which results in a lowered hygienic quality. At the same time, a decrease in milk production and an alteration in chemical components of the milk itself are observed. The frequency of mastitis increased for Holstein population due to genetic antagonism between milk production and clinical mastitis resistance (Gulyas & Ivancsics 2001) . The presence of somatic cells in cows' milk can be indicative of udder health and milking hygiene, which translates into cows' health and the quality of milk (Baltay 2002 , Bradley 2002 , Seegers et al. 2003 , Koç & Kizilkaya 2009 , Skrzypek et al. 2003 .
Clinical cases of mastitis occur due to a number of factors. It is possible to apply various graphical methods to model this problem (Bradley 2002 , Gasqui & Barnouin 2003 , Heringstad et al. 2006 , Němcová et al. 2007 . In a study performed by Miciński et al. (2009) , the percentage of cows with mastitis increased in successive lactations and during each lactation. More than one third of cows suffered from mastitis. Despite decades of research in this field, mastitis continues to be a widespread problem in dairy farming (Seegers et al. 2003 , Hagnestam et al. 2007 , Forsbäck 2010 .
In many countries, SCC is used as an indirect examination criterion for improving mastitis resistance (Fahr 2002 , Kalm 2002 , Kühn et al. 2008 , Interbull 2010 . In Poland and other European Union countries, a requirement laid down for raw milk for consumption establishes a 400 000 somatic cell count per cm 3 as the upper limit (European Commission 2004) . Samples to be found in the second group may indicate a clinical condition of the udder. As a result of such a division, each sample may be giving information on udder health, i.e. »normal« or »abnormal«. From the statistical point of view, it is therefore a binomial variable.
Various statistical methods are used for analysing traits expressed on a binomial scale, e.g. the χ 2 test, a logistic regression (Nash et al. 1996 , Binns et al. 2002 , Piwczyński 2009 ). According to recent studies ), a possible alternative method which can be used is the classification tree technique, which belongs to the analysis representation area known as data mining. An analysis of clusters and artificial neuron networks are distinguished in this area of statistics (SAS Institute Inc. 2009).
The classification tree technique has already been used in human medicine (Austin 2007) . Its suitability in the field of sheep farming for modelling lamb mortality has been proved . One very significant advantage of using the tree structure is an easy interpretation of data through the graphic representation of a model depicting very complex effects arising from various factors and the interplay within those factors, by which high-order interactions may take place, influencing visual traits measured on the nominal and ordinal scale of the tree presentation. Owing to the classification tree technique, it is viable to indicate clearly the best and worst solutions available, i.e. present a set of these levels of individual experimental factors that guarantee the lowest and highest level of a trait .
It may be thus concluded that the proposed method can be utilised by those researchers who study an alteration in SCC level (but also other production traits measured on a bracket, ordinal or nominal scale). Furthermore, the method allows tracing the differences in SCC level depending on the factors that are recorded in each herd undergoing assessment.
The aim of the present paper was to apply and compare modern statistical methods: classification trees and a logistic regression in examination of the impact of selected lactation-related factors (successive lactation, herd size and production level, year of calving, calving season, test day season, lactation phases and the amount of milk obtained in a test milking) on the somatic cell counts.
Material and methods
The research studied a sample of 455 Polish Holstein-Friesian Black and White cows born in the years 1999-2000 and bred in 2003-2008 . The cattle under the study were from highly efficient herds located in the Kujawy and Pomerania region. The cows in the study were hybrids of Polish Black and White lowland cattle and the Holstein-Friesian breed. The Holstein-Friesian proportion in the cows' genotype exceeded 94 %. 8 868 milk samples from daily flows test day (TD) were checked in terms of somatic cell quantity. A numerical data used in the present paper was taken from a cow milk herd management application »Obora« (Zeto, Olsztyn, Poland).
In order to determine somatic cell counts, the Fossomatic method was applied. In accordance with the order of the Minister for Agriculture and Rural Development (2004), milk samples were divided to reflect the number of somatic cells, into milk of less than 400 000 grade (from the »normal« medical condition of udder) and milk containing more than 400 000 somatic cells -resulting from a sub clinical (i.e. »below normal«) condition. Consequently, a variable expressed on a binomial scale was obtained.
The following factors which could cause higher content of somatic cells were taken into consideration: successive lactation (1, 2, 3, ≥4), herd size (≤30, 31-50, >50 cows), herd production level (≤6 000, >6 000 ≤8 000, >8 001 ≤9 000, >9 000 kg), year of calving (2003) (2004) (2005) (2006) (2007) (2008) , calving and TD season (spring (III, IV, V), summer (VI, VII, VIII), autumn (IX, X, XI), winter (XII, I, II), month of TD, lactation phases (DIM-day in milk) and the amount of milk (kg) obtained in a test milking (≤15, >15 ≤30, >30 ≤45, >45).
In the first stage of the statistical analysis, a percentage distribution of milk samples below and above 400 000. SCC was calculated depending on herd size and herd production level, year of calving, calving season, TD season, lactation phases, amount of milk. The statistical analysis of correlations was carried out using the χ 2 test (SAS Institute Inc. 2009). Then, descriptive statistics were calculated with reference to somatic cell count. A statistical analysis of the effect of the experimental factors on somatic cell counts was conducted utilising classification trees.
From among the 8 868 observations analysed, 60 % were used to create a »training set«, and the remaining 40 % constituted a »validation set«. The sets were generated by means of simple random sampling. The training data is used for preliminary model fitting, whereas the validation set is used to prevent a modelling node from over-fitting the training data and to compare prediction model. It was assumed that the minimum size of the final node (branch of the tree) must not be less than 30 observations and the depth (number of branches) no higher than 6. The criteria for a leaf size and depth were set in such a way so as to avoid an inaccurate over fitting (manipulation) of the tree to the training data, which could reflect random relations within the validation set. Missing values were assigned to one of the branches.
Building graphical models of trees results in separable, T-shaped subsets being created through a recurrent split of the observation set. This is carried out to achieve subsets with maximum homogeneity with respect to the value of a dependant variable. Optionally, the same independent variables can be used at different stages of the multi-trait split of the data set. The variable selected is the one ensuring the best splitting of a node, i.e. the most homogeneous sets are generated. So as to generate a classification tree, the entire data set, known as the root node, is indispensable. The nodes that follow, resulting from splitting, are called child nodes. When a subset is not subject to any further division, it is called a leaf.
Two different division criteria were taken into account when generating classification trees -entropy reduction (ENTROPY) (1) and Gini index (GINI) (2). The criteria above are the basic measurements of homogeneity of sets that are used in the data mining technique for generating classification trees. (SAS Institute Inc. 2009). Entropy function:
Gini index (G(p)):
where p is the probability vector of object assignment to classes in the form of: p = (p 1 , p 2 , ..., p k ) = 1 1 n , 1 2 n , ...,
k is the number of classes, l is the size of class and n is the size of analysed population (cows). Both calculated parameters, i.e. entropy function, as well as the Gini index, share one property connected with the fact that these measures take on the value of zero when a trait distribution is focused on a single value. The higher the values they take, the more diverse a population is in terms of the examined trait.
The following information was added to each created node and a resulting leaf: node ID [1], percentage of samples indicating a clinical condition of udder (SCC level: ≤400 000, >400 000) [2], number of observations in a node or leaf [3] (Figure 1 ).
Figure 1
Description of a node 1 -root node
The ranking of variables in terms of their importance in creating data set splits was prepared based on the »importance« measure (SAS Institute Inc. 2010). This measure (I(v,T)) is calculated as a square root of the product of the Gini coefficient reduction (DGini), calculated based on the main and surrogate splits which use the v variable in all nodes (T) comprising the tree, and the »agreement« measure (a(sv, t)) for the rule using the v variable in the t node:
where s(v, t) is the best surrogate split in the t node using the v variable
The »agreement« measure takes values from the (0,1) range and it designates the percentage of agreeing cases when the main and surrogate splits are compared. »Importance« measures calculated for particular variables were divided by the »importance« variable with the highest importance.
At the following stage of the statistical analysis, the effect of the aforementioned factors on the level of SCC was examined using a multiple logistic regression (SAS Institute Inc. 2009). Variables statistically related to SCC were selected by means of the forward method. The variables were included in the model at the significance level equal 0.05. Models generated this way, as a result of adding new variables, were compared using the Akaike Information Criteria (AIC). The significance of parameters in the created model was assessed with the Wald statistics (SAS Institute Inc. 2009).
The quality of information displayed on the tree models and multiple regressions was compared taking into consideration the following criteria: an average squared error, cumulative lift, Kolmogorov-Smirnov statistics and the area under the receiver operating characteristic (ROC) curve (SAS Institute Inc. 2009). The criteria listed above are the key ones used in assessing the quality of classification trees generated, but also for the purposes of a logistic regression. Decreasing values of the average squared error and increasing values of cumulative lift, Kolmogorov-Smirnov statistics, and the area under the ROC curve indicate a higher quality in any given model. A statistical analysis was conducted using the Enterprise Miner 6.2 software included in the SAS package (SAS Institute Inc. Cary, NC, USA).
Results and discussion

Somatic cell count
The conducted examination revealed that the mean number of somatic cells count (SCC) was 666010 cells/ml. In 50 % of the examined samples, the somatic cell count level did not exceed 200000 cells/ml. In the next 25 % milk samples, SCC was not higher than 573000 cells/ml (Table 1) .
The experimental factors included in own research were of interest to other authors. It should be emphasised that the majority of them is included in the Polish model for estimating cattle's breeding value with reference to SCC (National Research Institute of Animal Production 2011). From the analysis, it may be concluded that the highest level of somatic cell counts is to be expected in the samples from the fourth and subsequent lactations in herds of 30 to 50 animals, in herds with a production over 305 days of 8 000 to 9 000 kg of milk, from cows calved in 2008 and from cows calved during the winter months, but used for milk production in the summer (Table 2) . 
Models comparison
Based on a measure of quality of the fitting of a statistical model to data, it may be concluded that the classification tree model built, based on the reduction of entropy and Gini coefficient, were characterised by favourable statistical values, assessing the quality of a model rather than any logistic regression model (Table 3 ). In the case of both classifications of tree models, quality values were similar, with the more favourable found in the tree built based on the entropy function. The ROC index values (0.656-0.675) obtained mean that the forecasting capability of all models is moderate. A similar assessment of the value of this index was obtained in the area of sheep farming through earlier studies on lamb collapse with the use of classification trees (0.645-0.648) and a logistic regression (0.609-0.634). Austin (2007) , however, cites higher values for the ROC index, when modelling mortality among patients, caused by acute myocardial infarction (0.779-0.849). In Table 4 , the values of the »importance measure« are presented. This measure carries information concerning the significance of particular variables to be expected in the course of creating classification tree models. The variable ranking obtained in relation to both tree models leads to the conclusion that the amount of milk from test milking, herd production level and the year of lactation are the most significant differentiating factors. In the case of the model built based on the entropy function, the subsequent factors, ranked according to their importance were the following: subsequent lactation, calving season, test milking day, herd size and the month of the test milking. In the other model of the tree we created, the ranking was slightly different; however, calving season, subsequent lactation, herd size, test milking day and the month of the test milking were significant in their importance. When referring the results presented in Table 4 to those in Table 2 , it has been generally demonstrated that the variables considered when generating a classification tree were also indicated as statistically related to SCC using the χ 2 test. Using a logistic regression to analyse the level of SCC, the following variables in the order of their inclusion into the model were established: year of calving, herd production level, amount of milk obtained in the test milking and the calving season ( Table 5) .
Construction of classification tree
The graphical effect of statistical analysis using the classification tree technique is shown in Figures 2 to 5. The information provided therein concerns the set utilised to create the (training set) tree. The tree, as presented, was built with the use of the entropy function as the division criterion. The resulting tree consists of 27 leaves, and is 6 levels deep. The herd production level ( Figure 2) proved to be the most significant factor in the diversification of SCC level. Based on its value, milk samples were divided into those from herds with up to 6 000 kg (node 2), and over 6 000 kg (node 3) of milk output, over a 305day lactation. In the former group, the percentage of samples indicating an upper level of SCC was 18.4 %, and in the second it was nearly twice as high -35.6 %. According to Hagnestam et al. (2007) , high milk yield results in a predisposition to clinical mastitis. In samples taken from cows calving since 2005 (node 7), the frequency of increased number of somatic cells was higher by approximately 20 percentage points as compared to those cows calving before and in 2005 (node 6). In Figure 3 , further divisions of node 2 can be seen. These refer to milk samples from herds in which production over a 305-day lactation was no higher than 6 000 kg of milk. Using the division algorithm of the classification tree, a set consisting of samples from cows calved in autumn (node 4) and other seasons (node 5) was created. The percentage of milk samples with increased somatic cell content in the first collection was twice as low as in the second one (node 4 vs. 5). Analysing subsequent node divisions, it was found that the highest percentage of upper level of SCC was present in cows in their third lactation and subsequent lactations, from herds of less than 100 animals -37.1 % (node 20). At the same time, it was observed that the lower level of SCC among all subsets of the entire classification tree was present in samples from the most numerous herds, in which cows calved for the third and subsequent times -1.5 % (node 17). According to Król et al. (2010) , the increase in the somatic cell count in cows' milk caused a progressive decrease in daily milk yield. Oleggini et al. (2001) observed that the larger herds had lower somatic cell counts compared with smaller herds. The number of somatic cells in milk samples obtained from cows used in herds with production of over 6 000 kg and calving before the year 2005 (node 6) were most strongly diversified by the amount of milk obtained in the sample milking (Figure 4 ). In the samples of obtained milk, with the maximum amount of 30 kg (node 12), the percentage of lower level of SCC by 13.4 percentage points more than in the case of amounts higher than 30 kg (node 13). A negative impact of subsequent lactation on the level of somatic cells was observed. In samples obtained from multiparas, the number of conditions of increased number of somatic cells approached 49 % (node 23). This relationship was also observed by Miciński et al. (2009) -a high level of somatic cells that may be indicative of mastitis was diagnosed on day 81 after calving in the third lactation, while in primiparous cows, the symptoms of this disease were observed two months later. Clinical mastitis was also more frequent in cows which had calved more than once rather than in cows which had only calved once in a study of Hagnestam et al. (2007) and Hagnestam-Nielsen et al. (2009) . Sawa et al. (2007) reported that the lowest (13 %) proportion of cows with recurrent mastitis was found in herds of less than 10 cows, whereas the proportion of cows with recurrent mastitis in larger herds (100-200 cows) increased to 30 %.
Further division of node 23 led to the formation of a sub consideration of milk samples, in which the frequency of higher level of SCC was approximately 84 % (node 73). These were samples with the maximum quantity of milk at 15 kg, obtained between June and December. The increasing percentage of cows with recurring mastitis in subsequent lactations may result from the increase of somatic cells in milk as cows progress in age, which was also reported in a study by Sawa et al. (2007) . Cows that have calved more than once, especially in late lactation, displayed a larger number of somatic cells in the research of Olechnowicz & Jaśkowski (2010) .
The subsequent lactation also diversified the SCC level in the case of node 24, namely milk samples of over 30 kg from cows used in herds with lactation yield of less than 9 000 kg. Milk from cows which have calved more than once (node 47) was characterised by a frequency of increased SCC condition twice as high as in heifer cows (node 46). With node 6 divisions, the DIM variable, i.e. the day of test milking, was used in the tree division algorithm. It was observed that milk samples obtained at an early stage of lactation (nodes 74 and 76) were characterised with lower SCC as compared with those at a more advanced stage (nodes 75 and 77). In the research reported by Sitkowska (2008) , it was observed that the lowest content of somatic cells was found in the test yields at the beginning of lactation and as lactation progressed, the content of somatic cells in milk increased.
The research showed a similar effect in a herd of heifer cows production level (nodes 68-71). A higher level of SCC was observed in samples from herds producing over 9 000 kg of milk (nodes 69, 71) as compared with a lower output (68, 70). It is worth noting that when milk samples of over 30 kg (node 13) were divided, the trend was reversed (nodes 24, 25). Figure 5 shows the division of samples which most frequently confirm a higher level of SCC, i.e. those obtained later than in 2004 from herds with an average production of over 6 000 kg of milk (node 7). The most important factor differentiating this set of samples was the quantity of milk obtained in one milking. It was observed that a high frequency of samples with an increased number of somatic cells was accompanied by the output of under 45 kg -approximately 57 % (node 14). The corresponding frequency in samples with the quantity of milk of less than 45 kg was lower by approximately 24 percentage points (node 15). Another factor differentiating the two subsets (nodes 14 and 15) was the calving season. In both cases, the subsets identical in terms of their structure were created, i.e. samples from cows calving in the summer season (nodes 26 and 29) as well as in the other seasons -nodes 27 and 28. It was shown that calving in summer was clearly associated with lower frequency of samples indicative of higher level of SCC, as compared with the other seasons. In the research by Kuczaj (2001) , the lowest mean content of somatic cells was noted in cows calving in autumn and the highest in those calving in summer similar as in the research of Green et al. (2006) . In the studies by Neja & Sawa (2006) , the highest proportion of samples with the SCC indicating clinical or subclinical mastitis was found from September to November. Olsen et al. (1999) , examining data from among the Norwegian cattle population, established that the lowest content of somatic cells found in milk was from cows calving in the summer and early autumn.
In further subdivisions of the above four subsets, the following factors were taken into consideration: the quantity of obtained milk (twice), the test milking day and again the calving season. Among the created subsets, a subset was formed containing samples with the highest frequency (84.2 %) of increased SCC -node 86. It comprised the samples which, in terms of milk output, were no higher than 15 kg, and which came from cows calving in the spring, autumn, or summer and in herds with an average milk output of over 6 000 kg.
Having conducted the research it may be concluded that from among the statistical methods applied, the best modelling was obtained using the classification tree technique when the division criterion was based on the entropy function.
The research showed that somatic cell counts were diversified by the following factors, in an decreasing order of importance: herd production level, year of calving, subsequent lactation, calving season, day of test milking, herd size and the month used to take milk samples.
Using somatic cell count as an udder health criterion, it may be concluded that cows requiring particular attention as a result of udder diagnosis are from those in herds with high milk production levels, with individual cows producing up to 15 kg of milk.
The graphical classification tree model we created indicates that there exists, among dairy herds, a very complex condition for the understanding of the level of somatic cell counts, proving therefore that the statistical techniques applied could have a practical application in this field. The statistical model put forward in the present research can be applied in cattle farming with an aim of quick and effective tracking of an increased SCC in milk.
